Abstract
protection.
28
In lakes, plankton are trophically important organisms as they largely control the flux of 29 energy and matter in mostly unproductive northern ecosystems (Kling et al. 1992; Gu et al. 30 1994 Gu et al. 30 , 1996 . Consequently, mining effects on plankton should ultimately also have repercussions
31
for the functioning of lake ecosystems, including higher trophic levels (e.g. fish). Moreover, as along with multiple water quality parameters and physical variables. We used these time-series 42 to study how temporal changes in water quality impacted downstream plankton communities.
43
We used a functional trait perspective for interpreting temporal community changes; specifically,
44
we tracked changes in functional trait composition. Using a functional approach enabled us to 45 establish a more general and mechanistic evaluation of the ecological response of lakes to mining 46 activities with conclusions that could be more easily applied to other locations without reference 47 to taxonomic detail. This approach is also likely to be more amenable to industry or other 48 stakeholders, requiring less taxonomic expertise if easily attributed traits provide the same 49 information as more taxonomically-based approaches; saving time and money but still permitting 50 valid environmental impact assessments. However, the correspondence of taxonomic and 51 functional conclusions remains to be verified and was thus one of the goals of this study.
52
The main route by which diamond mining activities should affect aquatic organisms is 53 through changes in water quality, via the regulated release of several concentrated compounds 54 from a mine to the environment. level, and eventually potentially to higher trophic levels (e.g. fish), which respond to changes in 73 size structure, quality or overall quantity of zooplankton.
74
We examined the impact of almost two decades of mining activity on the northern lake 75 plankton communities downstream from Canada's first diamond mine using 19 years time series 76 across five impacted and two reference lakes. We wanted to determine whether there has been a D r a f t 6 nutrient concentration and low productivity (Rescan 2012 that were proximal to the LLCF (Leslie and Moose) and distal lakes (Nema, Slipper and S2).
94
We compared the monitored Koala Watershed lakes to two reference lakes outside of the Koala
95
Watershed to track natural temporal trends in subarctic lakes.
96
Plankton communities were sampled annually (from 1996 to 2014 in most lakes,
97
including two pre-operational years), in early August, at the deepest point in each lake.
98
Phytoplankton were sampled at 1m water depth with a Teflon-lined General Oceanics FLO 99 bottle (GO-FLO; 5 L) and whole water samples were preserved in Lugol's iodine solution.
100
Zooplankton (crustacean and rotifer) were sampled using vertical hauls of a conical 118 µm 101 mesh net (0.3m diameter) equipped with a General Oceanics flowmeter (Model 2030R was estimated from biovolumes using cell and colony dimensional length measurements and 143 corresponding geometrical forms (Hillebrand et al. 1999) . Zooplankton (rotifer and crustacean) 144 biomass was similarly estimated using McCauley (1984) and Culver (1985) .
145
To estimate functional composition (subsequently the "biotic matrix"), the relative Figure S1 and Table S1 ). function (vegan R library, Oksanen et al. 2015) .
235
PRCs also allowed for the identification of which traits in the biotic matrix were 236 responsible for the differences between monitored and reference lakes and consequently those 237 that responded to mining activities by using PRC "species" weights. to better understand the potential sources of variation in plankton functional composition.
254
However, because no variation was independently explained by physical variables in any 255 variation partitioning, we only used water quality, morphometric and biotic variables (see Figure   256 3) to simplify interpretation.
258

Results
259
Effects of mining activities on lake plankton
260
The effect of mining activities (Year*Type in PERMANOVA) on phytoplankton functional 261 composition was significant for proximal and distal lakes when compared to reference lakes 262 (Table 4 ; main effects are in Table S5 ). For rotifers the effect of mining activities on functional 263 composition was significant (Table 4) . Finally, for crustacean zooplankton, the effect of mining 264 activities on functional composition was significant both in proximal and distal lakes compared 265 to reference lakes (Table 4) .
D r a f t
Responses of plankton communities to mining through time
267
The phytoplankton functional composition response curves (PRC) showed a clear 268 temporal divergence of monitored lakes from reference lakes (horizontal vs. other lines in Figure   269 3a). Moreover, the timing of the functional composition response was proportional to the 270 distance from the mine: the closest lake (Leslie) responded first, followed by Moose, and Nema.
271
Slipper responded after 2005, while S2 only started to respond in 2010. Although differences 272 between monitored and reference lakes were significant through the whole sampling period, the 273 divergence in functional composition between these lakes clearly increased with time. suggests that the observed differences between monitored and reference lakes were year-specific 361 rather than related to mining activities.
362
In the phytoplankton, although they responded strongly, traits related to edibility
363
(edibility, motility, free-living) were probably not the only ones under selection, as the 2008, Saros et al. 2012 Saros et al. , 2014 . On the other hand, the effect of lake thermal structure was not 370 significant, although it has also been identified as a driver of small centric diatom abundance in 371 northern lakes (see Rühland et al. 2015 for a review). The strong response we observed in traits 372 related to phytoplankton edibility should favor a bottom-up trophic response of zooplankton.
373
Rotifer communities also shifted toward smaller species (mainly Keratella), and these 374 shifts were related to nutrient (mainly N) enrichment. In the Great Lakes, a similar shift from 
D r a f t
Given the shift toward more edible and accessible (non-colonial, non-motile) 381 phytoplankton biomass, we would expect highly competitive crustacean zooplankton (i.e. large,
382
filter-feeding cladocerans) to dominate (Lampert & Schober 1980) . Furthermore, diatoms are of 383 high nutritional quality (Brett & Müller-Navarra 1997) , especially for herbivorous filter-feeders 384 (Richman & Dodson 1983) . However, we did not observe a concomitant shift toward 385 herbivorous filter-feeding cladocerans, but instead an increased dominance by the functional 386 traits reflecting the calanoid copepods; the group that had already dominated prior to mining 387 onset. One potential explanation for the absence of a shift toward filter-feeders could be that and Keratella are common prey for many copepod species (Williamson 1983) , and the fact that definitively, as there could be direct effects on fish that are beyond the influence of the food web.
411
By using a functional traits approach, we successfully synthesized shifts that took place at 412 the taxonomic level: taxonomic composition principle response curves were highly similar to the Watershed. Nanuq (Na) and Counts (Co) from a nearby watershed were reference lakes. 
